ing in 1998 when 0.26% (1:385) of blood donations were confirmed with positive results 1 (SANBS, unpubl i s h e d d a t a , D e c e m b e r 2 0 0 3 ) (FIGURE 1). An analysis of 19 709 donors in 1999 estimated the residual risk of HIV-1 infection at 3.4 per 100 000 donations, implying that 24 infectious units entered the blood supply that year. 4 These data necessitated the introduction of a structured riskmanagement program to minimize the impact of the escalating HIV pandemic. Enhanced donor selection, education, and product triage procedures were implemented, and rigorous standard operating procedures were enforced, with continued sensitive donor testing for HIV-1 antibodies and the p24 antigen.
We report on HIV-1 prevalence in blood donations before and after implementation of these policies and estimate the residual risk for all blood donations following full program implementation. Our report forms a baseline from which alternate strategies are being implemented that may allow the majority of South Africans to donate blood while sustaining a safe and available supply.
METHODS

Serological Screening and Estimation of HIV Incidence and Residual Risk
A total of 880 534 donations of whole blood and platelets collected between January 8, 1999 , and August 8, 2000 , and 791 639 units between January 1, 2001, and July 4, 2002 in the Inland region of SANBS were analyzed. All donations were voluntary, nonremunerated, and screened for HIV-1 and 2 antibodies, p24 antigens, hepatitis C antibody, and hepatitis B surface antigen (Abbott Prism, Abbott Park, Ill), and syphilis (Shield Diagnostics, Dundee, Scotland). Repeatedly reactive samples for HIV-1 p24 antigen were confirmed by neutralization (IN-NOTEST HIV antigen mAb Neutralization, Innogenetics, Belgium) and for HIV-1 and 2 antibody were confirmed using a second enzyme-linked immunoassay (EIA) (HIV-1/HIV-2 Abcapture, Ortho-Clinical Diagnostics, Raritan, NJ). Human immunodeficiency virus Western blotting was not routinely performed.
The incidence and residual risk of an HIV-1 infectious donation (ie, the risk of collecting an HIV-1 infectious unit despite donor selection and serological screening efforts) was estimated using the incidence window period model, [5] [6] [7] [8] [9] [10] based on the detection of recent infection by the less-sensitive EIA testing strategy. [11] [12] [13] [14] Samples that had tested repeatedly reactive for HIV-1or 2 antibody by 2 EIAs were anonymized (ie, relabeled with a study code linked to demographic and donation information), sent to Blood Systems Research Institute (San Francisco, Calif) and tested by the Standardized Testing Algorithm for Recent HIV Seroconversion (STARHS) protocol. STARHS is based on the detection of low avidity or titer antibodies by a lesssensitive EIA 10 (Vironostika HIV-1 Microelisa, bioMérieux, Durham, NC). Samples that tested negative or weakly reactive by less-sensitive EIA were confirmed using a sensitive EIA (Vironostika HIV-1 Microelisa) and Western blot (Calypte Biotech, Alameda, Calif) to exclude false-positives. The lesssensitive EIA and sensitive EIA are the same assay run under different operating conditions with respect to incubation periods and sample dilution. The HIV-1 incidence and residual risk are estimated using the less-sensitive EIA seroconversion period for HIV-1 clade C infections of 311 days (95% confidence interval, [CI], 217-483). 4, 10 All study participants gave written informed consent for infectious disease testing, including HIV-1 testing, and for inclusion in research studies relating to blood safety. The study was approved by institutional review boards at SANBS and the University of California, San Francisco.
Blood Safety Policy
SANBS and its predecessor blood transfusion services have historically operated as independent nonprofit organizations licensed by the South African Department of Health and entrusted with maintaining a safe and available blood supply for all South Africans. Policies and procedures are vetted by an independent board of directors elected and represented predominantly by blood donors. The SANBS Blood Safety Policy introduced in 1999 Public antenatal clinic attendees represent a high-risk group for HIV-1 infection in South Africa and provide the only reliable source of annual data on HIV-1 prevalence over a broad geography. 2, 23 The data on HIV-1 prevalence in blood donations is unpublished data from the South African National Blood Service.
is based on procuring sufficient blood for the needs of all patients from lowrisk, voluntary donors. [15] [16] [17] [18] Donor clinics in areas where HIV prevalence is high were closed and programs targeting the youth and promoting repeat donation were initiated. Risk behavior education programs were developed for staff and donors. These took the form of educational sessions at donor sites and written material given to donors before each donation.
Structured donor interviews with direct oral questioning were institutionalized to ensure understanding of the self-exclusion questionnaire 19 that included questions relating to testseeking behavior, male sex with males, injection drug abuse, recent sexually transmitted diseases, sex with prostitutes, heterosexual exposure to multiple partners, casual sex, and sexual assault. These are universally accepted criteria for donor deferral, with the additional criteria that donors with a history of sexual assault in the prior 12 months, a history of having more than 1 sexual partner, or having casual sex in the prior 6 months are deferred from donation. All donations were triaged according to a risk profile (FIGURE 2) and issued according to a safety hierarchy. Donation risk profiles were derived from a multivariate analysis performed in 1998 on available demographic markers from 506 953 donations collected between April 1996 and March 1997. Donor HIV-1 prevalence rates were calculated for cohorts defined by sex (male or female); donation site (mobile or fixed clinics); race (white, black, Asian, and mixed race); and donation type (first-time, lapsed, and repeat). First-time donors had no donation record; lapsed donors had not donated in 12 months; and repeat donors had donated within 12 months. Race group was self-identified by the blood donor using using categories defined in the 2001 South African National Census. 20 
Statistical Analysis
Comparisons of prevalence rates were performed by logistic regression (version 9.1.3, SAS Institute, Cary, NC). Risk ratio (RR) and odds ratio (OR) were computed over total donations and stratified by demographic variables. Residual risks and yields were estimated using the window period/incidence rate model. 10 Wald-type 95% confidence intervals (CIs) around estimates were computed using a Taylor 22 series approximation of the corresponding SE estimate.
RESULTS
Prevalence of HIV-1 in South African Blood Donors.
Between 1991 and 1998, the prevalence of HIV-1 in blood donations increased from 0.06% (1:1666) to a peak of 0.26% (1:385) (Figure 1 ). In 1999, SANBS introduced a new safety policy aimed at improving the South African blood supply. The prevalence rates of HIV-1 decreased after implementation, reaching 0.05% in 2003. In the same period, the HIV-1 prevalence in patients visiting public antenatal clinics over a broad geography increased steadily from 0.7% in 1990 to 27.9% in 2003. Although repeat donors contributed the largest number of high-risk recently acquired HIV-1 infections (83 vs 52) from first-time and 35 from lapsed donors), these donors represented the lowest overall frequency (12.6 per 100 000 donations). The residual risk of HIV-1 transmission was derived using the time ratio method developed by Busch et al. 10 Using the current HIV-1 screening regimen, the residual risk of collecting an HIV-1 window-period unit is estimated at 2.6 (95% CI, 2.0-3.3) per 100 000 donations, with the highest rate of 3.9 (95% CI, 1.8-6.8) in first-time donations and the lowest, 2.5 (95% CI, 1.8-3.2) per 100 000, in repeat donations. These data were used to predict that the introduction of universal individual donation nucleic acid testing (IDNAT) would reduce the overall risk by 63%, to 1.0 (95% CI, 0.8-1.2) per 100 000 donations, and with annual c o l l e c t i o n s of 700 000 units, would detect an additional 11.2 (95% CI, 7.7-14.7) viremic antibody-negative donations per year.
COMMENT
South Africa is being ravaged by a growing epidemic of HIV/AIDS that is spreading through every demographic group and now infects over 5 million individuals. 3, 4, 23 In 2003 the rates of infection in young women attending public antenatal clinics in a wide geographic distribution ranged from 13.1% to 37.5%. 23 The prevalence of HIV-1 in this high-risk group provides an annual indicator of HIV-1 expansion in South Africa, given the absence of other reliable population infection data (Figure 1 ). In this milieu, SANBS has strived to maintain a safe and sufficient blood supply for all South Africans.
The World Health Organization (WHO) estimates that 5% to 10% of HIV/AIDS cases continue to be acquired from infected blood transfusions 18,24 and advocates that each country adopt a national blood policy that embraces voluntary nonremunerated donation by a donor pool that is selected for low risk. Donors should be screened for risk factors, educated to avoid risk behaviors, and encouraged to donate repeatedly, and all donations should be tested for major pathogens. Despite the adoption of these measures in South Africa, the 1990s saw a rapidly rising prevalence of HIV in blood donations, increasing from 0.06% in 1991 to 0.26% in 1998. An analysis of a representative sample of 19 709 donations in 1999 using IDNAT and lesssensitive EIA testing, suggested that 1:29 400 whole blood collections might be contaminated with HIV-1. 4 In response to this threat, the SANBS adopted a standardized blood safety policy that includes the closure of donation sites with high HIV prevalence, implementation of direct oral questioning using a stringent self-exclusion Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; IDNAT, individual donation nucleic acid testing; LS-EIA, less-sensitive enzyme-linked immunoassay. *First-time and lapsed donor incidence rate is estimated by the proportion of recent infections divided by the mean LS-EIA window period of 311 days (SE 68 days), as derived from Fang et al. 4 Repeat donor incidence rate is estimated by incident infections divided by person-time (ie, 107/[657, 150 ϫ 97]), where the average interdonation interval was 97 days (data not shown). The overall incidence rate is the weighted (weighted by total donations screened) average of the donor type incidence rates. †Assuming the mean (SE) window period from first HIV viremia to p24 antigen positivity is 15.0 (1.4) days to IDNAT positivity is 5.6 (0.4) days. 10 ‡Assuming the mean (SE) window period from IDNAT positivity to p24 positivity is 9.4 (1.2) days and to antibody positivity is 14.7 (1.5) days. 10 TRANSFUSION TRANSMITTED HIV-1 IN SOUTH AFRICA questionnaire that incorporates questions about heterosexual and homosexual contacts, and intravenous drug abuse, HIV risk behaviors, and a product triage system based on donation risk profiling. Prevalence of HIV in the donor population declined progressively reaching 0.05% in 2003, in contrast with the persistent increase documented in antenatal clinic attendees (Figure 1) . 23 Comparison of the demographic features underpinning the decrease in HIV-1 prevalence showed that fewer first-time donations and fewer high-and intermediate-risk category donations were collected. First-time donors were also less likely to be HIV-1 infected or to have been recently exposed. Our data cannot address whether these declines were predominantly due to better selection or education of donors.
Residual risk for collecting an HIV-1 window-period infectious unit in 2001-2002 was 2.6 per 100 000 donations, an approximate 24% decrease in window-period risk from that estimated in 1999 by Fang et al, 4 despite an 18% increase in HIV-1 prevalence in antenatal clinic attendees over that period (Figure 1 ). Prevalence of HIV-1 in blood donations decreased from 0.19% in 1999 4 to 0.08% in 2001-2002 (a 56% decline) suggesting that SANBS policies were more effective at preventing the collection of donors with established HIV-1 infections that are readily detected using serological tests than recently infected donors who may represent a window-period risk. These estimates are based on the calculated 311-day (95% CI, 217-483 days) window period for the less-sensitive EIA as determined in a relatively small number of donations by Fang et al. 4 The advent of universal IDNAT testing in South Africa now provides an opportunity to validate these estimates and verify the true risks of HIV-1 transmission.
The risk to patients was likely further reduced by SANBS product triage policy that prevented the routine transfusion of cellular products from the highand intermediate-risk donation categories that yielded 438 (81%) of 664 donations that tested positive for HIV-1 (Table 1) . However, our finding that repeat donations, generally considered to be from individuals at low risk of HIV infection, contributed 83 (48%) of 170 (Table 3) of recent infections, suggests that future risk models should be based on HIV-1 incidence, not prevalence rates. Currently SANBS confirms HIV-1 transfusion transmission in 1 to 2 recipients each year (data not shown). 25 From a global perspective, South Africa has maintained a safe blood supply by maximizing collections from an ever diminishing repeat donor pool. Average donor frequency increased from 1.8 donations per year in 1998 to 2.8 in 2001, with 65 296 donors supplying half of the 586 089 units collected in the Inland Region of SANBS in 2001. 17 The effect of closing donation sites in high-risk regions has been to skew the donor pool severely so that black individuals who comprise 79% of the population 20 contributed only 4.2% of the blood supply in 2001-2002, down from 10% in 1999. 4 Although these donor selection and product triage policies are effective, they are not sustainable given recent demographic trends. Moreover, concern has been raised with respect to equity, given that cellular products were used selectively and that closing blood donation sites effectively denies donation to blacks who do not indulge in high-risk behavior but donate at clinics located in high-risk areas. 26 These policies have been justified on the basis that safe blood is distributed to all South Africans equally, with the majority black population receiving most (Ͼ80%) of the benefit of a safe blood supply, and that all donors can contribute to the blood supply in some way. Even high-risk donors can contribute plasma for transfusion if they are found to be acceptable on a subsequent donation.
There has nevertheless been a strong motivation to develop donor screening systems that identify heterosexual behaviors that place prospective donors at increased HIV-1 risk and to end the practice of donation risk profiling using race as a marker. Risk markers described in other African countries include first-time donation, age older than 25 years, being married, paying for sex, recruitment venue, sexually transmitted disease or genital ulcer history, condom use, incarceration, and multiple sex partners. [27] [28] [29] [30] [31] [32] Many of these markers are included in the current selfexclusion questionnaire but have been ineffective at preventing high-risk donations to date.
In December 2004, the use of race as a risk indicator was found to be unacceptable by the South African Department of Health. Negotiations between SANBS and the Minister of Health led to the implementation in October 2005 of a new Donor Status Risk Management Policy underpinned by IDNAT testing. This policy continues to use stringent donor selection, universal testing, and product triage to ensure blood safety; however, race and sex are no longer criteria for including or excluding blood donors.
To identify behavioral risk profiles while collecting blood in populations known to harbor HIV-1 risk, HIV-1 incident infections must be identified in real time. To this end, and to interdict window-phase units, SANBS implemented IDNAT testing for HIV-1 and hepatitis B and C of all donations in early October 2005 and concurrently began to promote repeated blood donation in the black population. At the time of implementation, IDNAT is expected to yield an additional 11.2 (95% CI, 7.7-14.7) viremic, seronegative donations per year and to reduce window period risk by at least 63% to 1.0 infective unit per 100 000 transfused components (assuming 100% transmission by units collected during the 5.6-day residual infectious window period preceding the IDNAT detection threshold). This risk may increase as the donor base is broadened, with IDNAT yield moderating increased HIV-1 incidence.
Under the new triage policy, fresh frozen plasma is quarantined and only released for transfusion if the subsequent donation tests negative for infectious markers as before. Platelet components are made only from donors who have donated on 4 or more occasions in the prior 24 months. Red blood cells from first-time donors are segregated and used only when there is a shortage of blood. Prevalence of HIV-1, incidence, and residual risk will be closely monitored and reported as changes are implemented. It is likely that further refinements to both the donor selection and product triage policies will be made as risks are identified.
In the long term, we believe that education of blood donors will be a key factor for ongoing blood safety. There is a need for a structured program that is culturally attuned and presented in the multiple languages in common use. 20 SANBS has been awarded funding under the President's Emergency Plan for AIDS Relief to work with the Centers for Disease Control and Prevention, the American Association of Blood Banks, and the American Red Cross to this end. It will be important to link this initiative to a broader national HIV/AIDS program and to promote blood donation as part of a safe lifestyle to prevent the spread of HIV through blood transfusions and high-risk behaviors.
